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 要  旨 
現代の産業分野では生産の自動化・高効率化を達成するために，人間の代わりに作業するロボ
ットが盛んに導入されている．また，医療福祉分野においても，介助者の負担や被介助者の増加
が問題となっている中で，ホームサービス・ロボットに対する期待が高まっている．このような
ロボットには多種多様な製品，家の中では皿やコップ，ドアノブといった各種対象物を把持する
ことが求められる．そこで本論文では，ロボット自身あるいは環境内に搭載したセンサの情報を
用いてロボットハンドによる未知形状物体の把持について取り扱う． 
我々はこれまで開発してきたネット状近接覚センサを有するロボットハンドでは，センサの検
出範囲である数十ｍｍ程度まで接近することができれば，近接覚フィードバックによる把持位
置・姿勢修正が可能である．本研究では，このネット状近接覚センサを搭載したロボットハンド
システムに視覚センサを導入し，未知形状物体を遠距離からアプローチして把持を実行する方法
について議論する．主に検討した内容は以下の 2点である． 
1．近接覚フィードバックを前提とした視覚センサの情報処理手法の検討 
2．対象物と手掌部の距離が未知という条件での近接覚フィードバック手法の提案 
1.に関して，物体形状を球や円柱などのプリミティブ形状に近似して，その近似された物体形状
に対して把持やアプローチのプランニングを実行する手法と，ネット状近接覚センサの高速かつ
ロバストなフィードバックを組み合わせて，物体の認識から把持に至るタスク全体の高速化を図
るという把持戦略を提案し，この把持戦略に最適なプリミティブ形状に関して検討を行った． 
2.に関して，対象物の接近過程で従来手法による指先の近接覚フィードバックを実行することに
より，指先が収束位置を変えながら対象物の形状に倣うように把持を行う形状適応把持を提案し
た．これにより従来，既知条件であった対象物と手掌部の距離が未知であっても近接覚フィード
バックが可能となった．また，従来一定値であった反射光量の目標値を指先の姿勢の状態に応じ
て可変値にする制御方法を導入することにより，一定値では対象物に衝突してしまっていた角を
持つ対象物に対して，衝突せずに形状適応把持が実行可能となった． 
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7 450.33 -262.601 597.811 -86.6246 97.3363 775
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6.3 ?????????????? 45
? ?
?
?
1θ
θ 2
θ = θ 21θ +
????θ???
θ =?0 deg 
-90 deg 90 deg 
θ?deg th 
Section1
Section3
Section2
????θ???????
?? ???? ???
?? ???? ???
??????? ????????????
? 6.5 ????????
??? ? ????????????
?????
??
???
?
???????? ???????? ????????
?? ???? ???
?? ???? ???
? ?
??
?
θ th 
θ
? 6.6 ???? Iall????????
6.3 ?????????????? 46
6.3.2 5???????
2?? Iall?????????????????????????????
?????? 5?????? (6.2)????
f(x) = a0 + a1x+ a2x
2 + a3x
3 + a4x
4 + a5x
5 (6.2)
? (6.2)? 6????????????a0?a5?? (6.3)????????8<: ???? : f(0) = f0 _f(0) = 0 f(0) = 0???? : f(xf ) = ff _f(xf ) = 0 f(xf ) = 0 (6.3)
? (6.3)??????? (6.2)?? (6.4)??????
f(x) = f0 + (f0   ff )

x
xf
3(
10  15 x
xf
+ 6

x
xf
2)
(6.4)
x
f(x)
0 xf
ff
0f
f’   =0x f(( )
f’’   =0x f(( )
f’   =00(( )
f’’   =00(( )
? 6.7 5????
6.3 ?????????????? 47
???? (6.4)???????FPose????? ??????Iall????
??? ref()?????????? Iall???? refH?????? ????
H ,?? Iall???? refL?????? ???? L??????? s?
s =
   L
H   L (6.5)
???????Iall??????? ref()?? (6.6)???????
ref() = ref(s()) = refL + (refL   refH)s3(10  15s+ 6s2) (6.6)
? (6.6)????? 180 <  < 180???? ref()???????????
ref() =
8>>>>><>>>>>:
refL ( 180 <  < L)
ref(s()) = refL + (refL   refH)s3(10  15s+ 6s2) (L <  < H)
refH (H <  < 180)
6.4 ??????????? 48
6.4 ???????????
?????6.3??????????????????????????
??????????????? 3??????6.4.1???????????
????????? Iall????????????????? Iall????
????????????????????? 6.4.2??????????
????????? Iall???????????????????????
????6.4.3???? 2?????????????
6.4 ??????????? 49
6.4.1 ???????????
????????????????????? Iall?????? Iall???
?????????????????????????????????
??????????????????? 1??????????????
?????????????????????????????????
???????? 0????????????? 6.8??????????
6.8(?)?????XY ????????????????????????
??XZ??Y Z????????????????????????? 6.9
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?
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? ?? ??????????? ?
?
?
?
?
?
?
????? ??????????? ????????????????
??
??
? 6.8 ????? (?)????????
???????
? 6.9 ????
6.4 ??????????? 50
??????? Iall???????? 1.5mA? 3.0mA? 2??????? 1.5
?? 3.0mA? 1.5?? 4.0mA?1.5?? 7.0mA? 3??????????????
??????????????? 5mm/s????????????????
??????????????????????????????????
??????????????????????? 6.10??????????
?????????????????????????????????
????? Iall????? IallTh(=1mA)????????????????
?????????????????????????????????
????? ????????? c(= 24:34deg)??? 0.05deg???????
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????
????????????
????
???? ??? ? ??
???? ??? ? ??
???????????
???????????????????
???????????? ?
??????????????
???????
?
???????????????
? 6.10 ?????????????
????????????????????????
6.4 ??????????? 51
Iall??? 1.5?A(???),???? 0mm
??
????
? 6.11 ??,Iall??? 1.5mA,???? 0mm???????
? ? ?? ?? ?? ?? ???
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???
???
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???
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????
?????
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?
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? ? ?? ?? ?? ?? ??????
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?
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? ? ?? ?? ?? ?? ?????
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?
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?????
?
???????????????????
??? ??? ??? ??? ? ?? ?? ?? ?????
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???
?????
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???????????
??? ?????????
??????
????????
????????
?????????
??????
?????? ? ???? ??????
? 6.12 ??,Iall??? 1.5mA,???? 0mm,???? 5mm/s????
6.4 ??????????? 52
Iall??? 3.0?A(???),???? 0mm
? 6.13 ??,Iall,??? 3.0mA,???? 0mm???????
? ? ?? ?? ?? ?? ???
???
?
???
?
???
?
???
?
????
?????
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?
????
? ? ?? ?? ?? ?? ??????
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?
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????
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??
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?????
?
?
??????????????????
??? ??? ??? ??? ??? ? ?? ?? ?????
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???
???
???
???
?????
???
??
????
??
? 6.14 ??,Iall??? 3.0mA,????:0mm,???? 5mm/s????
6.4 ??????????? 53
??????????????????
?Iall??? 1.5?A,???? 0mm?
? 6.11? Iall??? 1.5mA???????????Iall???? 1.5mA???
??????????????????????????????????
???????????????????????????????? 6.12
??????????????????????????????????
?????????????? 1.5mA????????-?????? 24mm
?????????????????????????????????
??????????????????????????????????
??????????????????????????????????
??????????????????????? (90deg)????????
?????????????????????????????????
6.12? ???? (??)???????????????????????
?????? 6.12????????? (??)??????????????
?????????????????????????????????
24mm ???????????????????
????????????? Iall??????????????????
????????????????????????????
?Iall??? 3.0?A,???? 0mm?
???? 6.13? Iall??? 3.0?A?????? 0mm???????????
Iall??????????????????????? 6.14????????
???????????
??????????????????
????????? Iall??????????????????????
Iall????????????????????Iall???????????
???????????????????????????????
????????????????????????
6.4 ??????????? 54
Iall??? 1.5?A(???),???? 0mm
? ? ? ?
? ? ?
?? ????????????
???????? ?????????????????
???????? ????????????????? ????????????? ???? ???????
????????????????? ????
? 6.15 ??,Iall??? 1.5? 3.0mA,???? 0mm???????
? ? ?? ?? ?? ?? ???
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?
???
?
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?
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????
?????
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?
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? ? ?? ?? ?? ?? ??????
?
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???
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???
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????
????
?
??
? ? ?? ?? ?? ?? ?????
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?
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??
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??? ??? ??? ??? ? ?? ?? ?????
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?????? ???????
?????? ????????
?????????
?????
??
? 6.16 ??,Iall??? 1.5? 3.0mA,???? 0mm,????:5m/????
6.4 ??????????? 55
Iall??? 1.5? 3.0?A(???),???? 30mm
? 6.17 ??,Iall??? 1.5? 3.0mA,???? 30mm???????
? ? ?? ?? ?? ?? ???
???
?
???
?
???
?
???
????
?????
??
?
????
? ? ?? ?? ?? ?? ??????
????
?
???
???
???
???
???
???
???
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????
??
???
??
?????
?
?
??????????????????
??? ??? ??? ??? ? ?? ?? ?? ?????
???
???
???
???
???
???
?????
???
??
????
? 6.18 ??,Iall??? 1.5? 3.0mA,???? 30mm,????:5m/s????
6.4 ??????????? 56
Iall??? 1.5? 3.0?A(???),???? 35mm
? 6.19 ??,Iall??? 1.5? 3.0mA,???? 35mm???????
? ? ?? ?? ?? ?? ???
???
???
???
???
???
???
???
???
???
????
?????
??
?
????
? ? ?? ?? ?? ?? ??????
????
????
?
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??
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??
?????
?
???????????????????
??? ??? ? ?? ?? ?????
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???
???
???
???
???
???
?????
???
??
????
? 6.20 ??,Iall??? 1.5? 3.0mA,???? 35mm,????:5mm/s????
6.4 ??????????? 57
Iall??? 1.5? 3.0?A(???),????-10mm
? 6.21 ??,Iall??? 1.5? 3.0mA,????-10mm???????
? ? ?? ?? ?? ?? ???
???
?
???
?
???
?
???
????
?????
??
?
????
? ? ?? ?? ?? ?? ??????
?
???
???
???
???
???
???
???
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????
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? ? ?? ?? ?? ?? ?????
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????
??
???
??
?????
?
???????????????????
??? ??? ??? ??? ? ?? ?? ?????
???
???
???
???
???
???
?????
???
??
????
? 6.22 ??,Iall??? 1.5? 3.0mA,????-10mm,????:5mm/s????
6.4 ??????????? 58
Iall??? 1.5? 3.0?A(???),????-15mm
? 6.23 ??,Iall??? 1.5? 3.0mA,????-15mm???????
? ? ?? ?? ?? ?? ???
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?
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?????
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?
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? ? ?? ?? ?? ?? ??????
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?
???????????????????
??? ??? ??? ??? ? ?? ?? ?????
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???
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???
?????
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??
????
? 6.24 ??,Iall??? 1.5? 3.0mA,????-15mm,????:5mm/s????
6.4 ??????????? 59
Iall??? 1.5? 4.0?A(???),????-15mm
? 6.25 ??,Iall??? 1.5? 4.0mA,????-15mm???????
? ? ?? ?? ?? ?? ???
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???????????????????
??? ??? ??? ??? ? ?? ?? ?????
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??
????
? 6.26 ??,Iall??? 1.5? 4.0mA,????-15mm,????:5mm/s????
6.4 ??????????? 60
Iall??? 1.5? 7.0?A(???),????-20mm
? 6.27 ??,Iall??? 1.5? 7.0mA,????-20mm???????
? ? ?? ?? ?? ?? ???
?
?
?
?
?
?
?
?
????
?????
??
?
????
? ? ?? ?? ?? ?? ??????
?
???
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?????
?
???????????????????
??? ??? ??? ??? ? ?? ?? ?????
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????
? 6.28 ??,Iall??? 1.5? 7.0mA,????-20mm,????:5mm/s????
6.4 ??????????? 61
?????????????????
?Iall??? 1.5? 3.0?A,???? 0mm?
? 6.15? Iall??? 1.5? 3.0? A?????? 0mm???????????
? 6.16? Iall???? (??)???? 2?? Iall?????????????
?????????? 6.16????????? (??)????????? Iall
??? 1.5mA?????????? Iall??? 3.0mA???????????
?????????????????????Iall???? ???????
??????????????????????????????????
??????????????????
???1.5? 3.0mA???? Iall???????????????????
???????????????????????? 6.1?????????
?????????????????? 2???????????????
?????????????????????????????????
???????????????????????????? n?????
???????????????? Iall???? 3.0mA?????????
4.0mA????????????????????-??????????
??3.0mA??????????????????????-15mm????
??????????????????? Iall??? 1.5? 7.0mA?????
???????-20mm????????????????
6.4 ??????????? 62
? 6.1 ???????? Iall??????????????/??
Iall??? [mA]
???? [mm] 1.5? 3.0 1.5? 4.0 1.5? 7.0
-20 ? ? ? (? 6.27,? 6.28)
-15 ? (? 6.23,? 6.24) ? (? 6.25,? 6.26) n
-10 ? (? 6.21,? 6.22) n n
-5 n n n
0 ? (? 6.15,? 6.16) n n
+5 n n n
+10 n n n
+15 ? n n
+20 ? n n
+25 ? n n
+30 ? (? 6.17,? 6.18) n n
+35 ? (? 6.19,? 6.20) n n
???????????
??????????
???????????????
n??????????
6.4 ??????????? 63
6.4.2 ????????????
?????????????????????? Iall?????????
??????????????????????????????????
??????????????????????????????????
?????????????? 0???????XY???YZ??????
?????????????????????????????????
??????? 6.30????????? 50?? 100????? 10mm???
???????? 6????????XZ????????Z = 565????
?????????????????????????????????
?????????????????????????????????
??????????????????????????????? 1.5?
7.0mA????????-???????????????????????
Iall??????????? Iall???? 1.5? 7.0mA??????????
???????????? 2????????????? Iall???? 1.5?
4.0mA???????
? ? ?? ??????????? ?
?????
?
?
? 6.29 ????? (?)????????
6.4 ??????????? 64
? 6.30 ???????????
?????????????
6.4 ??????????? 65
50,????-20mm
? ?
? ?
? 6.31 ??? 50,Iall??? 1.5? 4.0mA,????-20mm???????
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?6.32 ???50.Iall???1.5?4.0mA,????-20mm,????5mm/s????
6.4 ??????????? 66
50,???? 15mm
? 6.33 ??? 50,Iall??? 1.5? 4.0mA,???? 15mm???????
? ? ?? ?? ?? ?? ???
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???
?
???
?
???
?
???
????
?????
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?
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??? ??? ??? ??? ? ?? ?? ??
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?????
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?6.34 ???50,Iall???1.5?4.0mA,????15mm,????:5mm/s????
6.4 ??????????? 67
60,????-15mm
? ?
? ?
? 6.35 ??? 60,Iall??? 1.5? 4.0mA,????-15mm???????
? ? ?? ?? ?? ?? ???
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????
?6.36 ???60.Iall???1.5?4.0mA,????-15mm,????5mm/s????
6.4 ??????????? 68
60,???? 20mm
? 6.37 ??? 60,Iall??? 1.5? 4.0mA,???? 20mm???????
? ? ?? ?? ?? ?? ???
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?6.38 ???60,Iall???1.5?4.0mA,????20mm,????:5mm/s????
6.4 ??????????? 69
70,????-15mm
? ?
? ?
? 6.39 ??? 70,Iall??? 1.5? 4.0mA,????-15mm???????
? ? ?? ?? ?? ?? ???
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?6.40 ???70.Iall???1.5?4.0mA,????-15mm,????5mm/s????
6.4 ??????????? 70
70,???? 20mm
? 6.41 ??? 70,Iall??? 1.5? 4.0mA,???? 20mm???????
? ? ?? ?? ?? ?? ???
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?????
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?6.42 ???70,Iall???1.5?4.0mA,????20mm,????:5mm/s????
6.4 ??????????? 71
80,????-15mm
? ?
? ?
? 6.43 ??? 80,Iall??? 1.5? 4.0mA,????-15mm???????
? ? ?? ?? ?? ?? ???
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?
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????
?6.44 ???80.Iall???1.5?4.0mA,????-15mm,????5mm/s????
6.4 ??????????? 72
80,???? 20mm
? 6.45 ??? 80,Iall??? 1.5? 4.0mA,???? 20mm???????
? ? ?? ?? ?? ?? ???
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?
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?
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?
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?
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????
?????
??
?
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????
?6.46 ???80,Iall???1.5?4.0mA,????20mm,????:5mm/s????
6.4 ??????????? 73
90,????-15mm
? ?
? ?
? 6.47 ??? 90,Iall??? 1.5? 4.0mA,????-15mm???????
? ? ?? ?? ?? ?? ???
???
?
???
?
???
?
???
?
???
????
?????
??
?
????
? ? ?? ?? ?? ?? ??????
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????
??
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??
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???????????????????
???? ???? ??? ??? ??? ??? ? ?? ??
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????
?6.48 ???90.Iall???1.5?4.0mA,????-15mm,????5mm/s????
6.4 ??????????? 74
90,???? 20mm
? 6.49 ??? 90,Iall??? 1.5? 4.0mA,???? 20mm???????
? ? ?? ?? ?? ?? ???
???
?
???
?
???
?
???
?
???
????
?????
??
?
????
? ? ?? ?? ?? ?? ??????
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??
???
??
?????
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???????????????????
???? ???? ??? ??? ??? ??? ? ?? ??
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??
????
?6.50 ???90,Iall???1.5?4.0mA,????20mm,????:5mm/s????
6.4 ??????????? 75
100,????-15mm
? ?
? ?
? 6.51 ??? 100,Iall??? 1.5? 4.0mA,????-15mm???????
? ? ?? ?? ?? ?? ???
???
?
???
?
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?
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?
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?????
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?
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? ? ?? ?? ?? ?? ??????
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??
??
??
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?????
?
???????????????????
???? ??? ?
???
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???
???
???
???
???
?????
???
??
????
? 6.52 ??? 100.Iall??? 1.5? 4.0mA,????-15mm,???? 5mm/s?
???
6.4 ??????????? 76
100,???? 20mm
? 6.53 ??? 100,Iall??? 1.5? 4.0mA,???? 20mm???????
? ? ?? ?? ?? ?? ???
???
?
???
?
???
?
???
?
???
????
?????
??
?
????
? ? ?? ?? ?? ?? ??????
?
???
???
???
???
????
????
?
??
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??
??
??
????
??
???
??
?????
?
???????????????????
???? ???? ??? ??? ??? ??? ? ?? ??
???
???
???
???
???
???
???
?????
???
??
????
? 6.54 ??? 100,Iall??? 1.5? 4.0mA,???? 20mm,????:5mm/s?
???
6.4 ??????????? 77
????
? 6.2????????????????60?? 100?????????
????-15mm?? 20mm??????????50?????????? Iall
???????. ??????????????????????????
?????? (????-20)?????????????????????
?????????? (???? 20)?
6.4 ??????????? 78
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6.4 ??????????? 79
6.4.3 ???
6.4.1?? 6.4.2???????? 6.3??????? 6.3??? Iall??? 1.5
? 4.0mA??????????????????????????????
?????????????????????????????????
??????????? Iall?????????????????????
??????????????????????????????15mm
????????
? 6.3 Iall??????????????/?? (1.5? 4.0mA)
?? ??
???? [mm] 50 60 70 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(A.1)???????
pxi = a11kxi + a12kyi + a13kzi + a14 (A.2)
pyi = a21kxi + a22kyi + a23kzi + a24 (A.3)
pzi = a31kxi + a32kyi + a33kzi + a34 (A.4)
???????? x????? (A.2)?????????? (A.2)??(A.4)?
???????????????????????????? i?????
????????????????
i = a11kxi + a12kyi + a13kzi + a14   pxi (A.5)
?????????????????????????????????
??????????????????????????????
 =
nX
i=1
2i =
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i=1
(a11kxi + a12kyi + a13kzi + a14   pxi)2 (A.6)
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? ?B
???????????????
B.1 ?????????????????
?????? B.1 homTraMat.m
1 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
2 % ?????????????
3 % ?????????????PA10??? Kinect??????????
4 %?????????????????
5 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
6 clc % ????????????????
7 close % ???????????
8 clear all % ???????????????
9 %%??????????????????
10 learning data= csvread('test.csv');
11 %??????????
12 num = size(learning data)
13 num = num(1,1)
14 %p? PA10??????????????
15 p = zeros(num,3); %?????
16 k = zeros(num,3); %?????
17 p(:, :) = learning data(:, 2:4)
18 k(:, :) = learning data(:, 5:7)
19 %         ?????????          
20 %??????XYZ????
21 A = zeros(4,4); %?????
22 for i =1:num(1,1)
23 A = A + [k(i,:),1]'*[k(i,:),1];
24 end
25 %?????????XYZ ????
26 B = zeros(4,1); %X ???????
27 C = zeros(4,1); %Y ???????
28 D = zeros(4,1); %Z ???????
29 for i =1:num(1,1)
30  B = B + p(i,1)*[k(i,:),1]';
31 end
32 for i =1:num(1,1)
33 C = C + p(i,2)[k(i,:),1]';
34 end
35 for i =1:num(1,1)
36  D = D + p(i,3)*[k(i,:),1]';
37 end
38 %H0????????3? 4??
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39 H0 = [(AnB)';(A\C)';(AnD)'];
40 %H ????????4 ? 4 ??
41 H = [H0;zeros(1,3),1 ]
B.2 ???????????????
?????? B.2 calibmain.cpp
1 //////////////////////////////////////////////
2 //
3 //ARtoolKit ?????????????? ? ???
4 //???????
5 //
6 ///////////////////////////////////////////////
7 #ifdef WIN32
8 #include <windows.h>
9 #endif
10 #include <stdio.h>
11 #include <stdlib.h>
12 #ifndef APPLE
13 //openGL
14 #include <GL/gl.h>
15 #include <GL/glut.h>
16 #else
17 #include <OpenGL/gl.h>
18 #include <GLUT/glut.h>
19 #endif
20 //ARtoolkit
21 #include <AR/gsub.h>
22 #include <AR/param.h>
23 #include <AR/ar.h>
24 #include <AR/knVideo.h>
25 #include <iostream>
26 //openNI
27 #include <XnCppWrapper.h>
28 //Clib
29 #include"clib_class.h"
30 //csv ?????????
31 #include<fstream>
32
33 using namespace std;
34
35 / set up the video format globals /
36
37 #ifdef WIN32
38 char vconf = "Data\\WDM_camera_flipV.xml";
39 #else
40 char vconf = "";
41 #endif
42 #dene SAMPLE XML PATH "./Data/SamplesConfig.xml"
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43 int xsize, ysize;
44 int thresh = 100;
45 int count = 0;
46
47 int mode = 1;
48
49 char cparam name = "Data/camera_para.dat";
50 ARParam cparam;
51
52 char patt name = "Data/patt.hiro";
53 int patt id;
54 int patt width = 160.0;
55 double patt center[2] = f0.0, 0.0g;
56 double patt trans[3][4];//??????
57 double pos0;
58 double pos1;
59 //CSV ????????????????
60 double csvBuf[27][7] = f0g; //f0g ? ????????
61 //PA10 ???
62 double pa10Pos[3] = f0,0,0g;
63 //clib ?????????
64 basic clib clibobj;
65 //CSV ??????????
66 double makeleFlag = 0;
67 double pa10mateNum = 0;
68 //PA10 ???????????? ??? ? ?????
69 double moveFlag = 0;
70 //????
71 int mateNum = 0;
72 //csv ????????????? ?
73 int onlymate1 =0;
74
75 static void init(void);
76 static void cleanup(void);
77 static void keyEvent( unsigned char key, int x, int y);
78 static void mainLoop(void);
79 static void draw( double trans[3][4] );
80
81 static ARMarkerInfo2 marker info2;//?????? (pixel ver)
82 static ARMarkerInfo buf;//??????
83 static int wmarker num = 0;
84
85 int main(int argc, char argv)
86 f
87 glutInit(&argc, argv);
88 init();
89
90 knVideoCapStart();
91 argMainLoop( NULL, keyEvent, mainLoop );
92 return (0);
93 g
94
95 static void keyEvent( unsigned char key, int x, int y)
96 f
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97 / quit if the ESC key is pressed /
98 if( key == 0x1b ) f
99 printf("*** %f (frame/sec)\n", (double)count/arUtilTimer());
100 cleanup();
101 exit(0);
102 g
103
104 if( key == 'c' ) f
105 printf("*** %f (frame/sec)\n", (double)count/arUtilTimer());
106 count = 0;
107
108 mode = 1   mode;
109 if( mode ) printf("Continuous mode: Using arGetTransMatCont.\n");
110 else printf("One shot mode: Using arGetTransMat.\n");
111 g
112 g
113
114 / main loop /
115 static void mainLoop(void)
116 f
117 static int contF = 0;
118 ARUint8 dataPtr; //??????????
119 ARMarkerInfo marker info;//??????
120
121 int marker num;//??????????
122 int j, k;
123
124 / ???????? /
125 //???????????
126 if( (dataPtr = (ARUint8 )knVideoGetImage()) == NULL ) f
127 arUtilSleep(2);
128 return;
129 g
130
131 //dataPtr = (ARUint8 )knVideoGetDepthImage(); //<   ??????
132
133 if( count == 0 ) arUtilTimerReset();
134 count++;
135
136 //????????
137 argDrawMode2D();
138 argDispImage( dataPtr, 0,0 );
139
140 / ??????? /
141 if( arDetectMarker(dataPtr, thresh, &marker info, &marker num) < 0 ) f
142 cleanup();
143 exit(0);
144 g
145
146 //??????????????????????????????
???
147 pos0 = marker info >pos[0];
148 pos1 = marker info >pos[1];
149 //cout << "pos0 = "<<pos0 << " pos1 = "<< pos1;
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150 // ?????????
151 xn::Context context;
152 XnStatus rc = context.InitFromXmlFile(SAMPLE XML PATH);
153 xn::DepthGenerator depth;
154 rc = context.FindExistingNode(XN NODE TYPE DEPTH, depth);
155 xn::DepthMetaData depthMD;
156 depth.GetMetaData(depthMD);
157 //??????????? double ?? int ???
158 int a = (int)pos0, b=(int)pos1;
159 oat x =pos0;
160 oat y =pos1;
161 oat z =depthMD(a,b);
162
163 XnPoint3D in[1],out[1];
164 in[0].X = x;
165 in[0].Y = y;
166 in[0].Z = z;
167 //?????????????
168 depth.ConvertProjectiveToRealWorld (1,in,out);
169 x = out[0].X;
170 y = out[0].Y;
171 z = out[0].Z;
172
173 //PA10 ???????? ???
174 clibobj.clibRead("pa10mateNum",1,&pa10mateNum);
175 if( mateNum == pa10mateNum)
176 f
177 //PA10 ???? ? ??? ? ?
178 clibobj.clibRead("pa10Pos",3,pa10Pos);
179 cout <<" px="<< pa10Pos[0];
180 cout <<" px="<< pa10Pos[1];
181 cout <<" px="<< pa10Pos[2];
182 cout <<" kx="<< x;
183 cout <<" ky="<< y;
184 cout <<" kz="<< z <<endl;
185
186 if(10 < z && z < 1500 &&  200 < x && x < 150)//???????
?????
187 f
188
189 //??????????
190 csvBuf[mateNum][0] = mateNum; //????
191 csvBuf[mateNum][1] = pa10Pos[0]; //PA10 ? x ??
192 csvBuf[mateNum][2] = pa10Pos[1]; //PA10 ????
193 csvBuf[mateNum][3] = pa10Pos[2]; //PA10 ????
194 csvBuf[mateNum][4] =  x; //kinect ? x ??
195 csvBuf[mateNum][5] =  y; //kinect ????
196 csvBuf[mateNum][6] = z; //kinect ????
197
198 //PA10 ?? ? ??? ??
199 moveFlag = 1;
200 clibobj.clibWrite("moveFlag",1,&moveFlag);
201
202 //????????????
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203 cout << "mateNum = " << mateNum <<endl;
204 mateNum = mateNum +1;
205 g
206 elsefcout << "out point" << endl ;g
207
208 g
209
210 //PA10 ?????? ? ??? ??????????????? 1 ????
211 clibobj.clibRead("makefileFlag",1,&makeleFlag);
212 //????????? csv ?????????
213 if(makeleFlag == 1)
214 f
215 if(onlymate1 == 0)//?????? 1????
216 f
217 cout << "csv fail making" << endl ;
218 //???????
219 ofstream ofs("test.csv");
220
221 //????
222 for(int m = 0; m < 27; m++)
223 f
224 for(int n =0; n < 7 ;n++)
225 f
226 ofs << csvBuf[m][n] << "," ;
227 g
228 ofs << endl;
229 g
230 onlymate1++;
231 g
232 g
233
234 //????????????
235 knVideoCapNext();
236
237 / ??????????? /
238 k =  1;
239 for( j = 0; j < marker num; j++ ) f
240 if( patt id == marker info[j].id ) f
241 if( k ==  1 ) k = j;
242 else if( marker info[k].cf < marker info[j].cf ) k = j;
243 g
244 g
245 //???????????????
246 if( k ==  1 ) f
247 contF = 0;
248 argSwapBuers();
249 return;
250 g
251
252 /????????????????????? /
253 if( mode == 0 jj contF == 0 ) f
254 arGetTransMat(&marker info[k], patt center, patt width, patt trans);
255 g
256 else f
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257 arGetTransMatCont(&marker info[k], patt trans, patt center, patt width, patt trans);
258 g
259 contF = 1;
260
261 //printf("%f ",patt trans[0][0]);
262 //printf("%f ",patt trans[0][1]);
263 //printf("%f ",patt trans[0][2]);
264 //printf("%fnn",patt trans[0][3]);
265 //
266 //printf("%f ",patt trans[1][0]);
267 //printf("%f ",patt trans[1][1]);
268 //printf("%f ",patt trans[1][2]);
269 //printf("%fnn",patt trans[1][3]);
270
271 //printf("%f ",patt trans[2][0]);
272 //printf("%f ",patt trans[2][1]);
273 //printf("%f ",patt trans[2][2]);
274 //printf("%fnnnn",patt trans[2][3]);
275
276 //???????????
277 draw( patt trans );
278
279 //?????????????
280 argSwapBuers();
281 g
282
283 static void init( void )
284 f
285 ARParam wparam;
286
287 / open the video path /
288 if( knVideoOpen( vconf ) < 0 ) exit(0);
289 / nd the size of the window /
290 if( knVideoInqSize(&xsize, &ysize) < 0 ) exit(0);
291 printf("Image size (x,y) = (%d,%d)\n", xsize, ysize);
292
293 / set the initial camera parameters /
294 if( arParamLoad(cparam name, 1, &wparam) < 0 ) f
295 printf("Camera parameter load error !!\n");
296 exit(0);
297 g
298 arParamChangeSize( &wparam, xsize, ysize, &cparam );
299 arInitCparam( &cparam );
300 printf("*** Camera Parameter ***\n");
301 arParamDisp( &cparam );
302
303 if( (patt id=arLoadPatt(patt name)) < 0 ) f
304 printf("pattern load error !!\n");
305 exit(0);
306 g
307
308 / open the graphics window /
309 argInit( &cparam, 1.0, 0, 0, 0, 0 );
310 g
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311
312 / cleanup function called when program exits /
313 static void cleanup(void)
314 f
315 knVideoCapStop();
316 knVideoClose();
317 argCleanup();
318 g
319
320 static void draw( double trans[3][4] )
321 f
322 double gl para[16];
323 GLoat mat ambient[] = f0.0, 0.0, 1.0, 1.0g;
324 GLoat mat ash[] = f0.0, 0.0, 1.0, 1.0g;
325 GLoat mat ash shiny[] = f50.0g;
326 GLoat light position[] = f100.0, 200.0,200.0,0.0g;
327 GLoat ambi[] = f0.1, 0.1, 0.1, 0.1g;
328 GLoat lightZeroColor[] = f0.9, 0.9, 0.9, 0.1g;
329
330 //????????????????
331 argDrawMode3D();
332 argDraw3dCamera( 0, 0 );
333
334 //?????
335 glClearDepth( 1.0 );//???????????
336 glClear(GL DEPTH BUFFER BIT);//???????????
337 glEnable(GL DEPTH TEST);//???????
338 glDepthFunc(GL LEQUAL);//??????
339
340 / load the camera transformation /
341 argConvGlpara(trans, gl para);
342 glMatrixMode(GL MODELVIEW);
343 glLoadMatrixd( gl para );
344
345 glEnable(GL LIGHTING);//?????
346 glEnable(GL LIGHT0);//?? 0???
347
348 glLightfv(GL LIGHT0, GL POSITION, light position);
349 glLightfv(GL LIGHT0, GL AMBIENT, ambi);
350 glLightfv(GL LIGHT0, GL DIFFUSE, lightZeroColor);
351
352 glMaterialfv(GL FRONT, GL SPECULAR, mat ash);
353 glMaterialfv(GL FRONT, GL SHININESS, mat ash shiny);
354 glMaterialfv(GL FRONT, GL AMBIENT, mat ambient);
355
356 glMatrixMode(GL MODELVIEW);
357
358 glTranslatef( 0.0, 0.0,  5.0 );//???????
359 glutSolidSphere(10,10,10);//??????
360 glDisable( GL LIGHTING );
361
362 glDisable( GL DEPTH TEST );
363 g
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